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INTRODUCTION

ABSTRACT

Sorghum (Sorghum bicolor L. Moench) is a crop of paramount importance for Brazil,
used in human and animal food. Considering the reduced number of studies on the
influence of using a densimetric table in seed processing and its respective reprocessing
to the equipment, this study aimed to evaluate the physiological quality of processed
sorghum seeds reprocessed in a densimetric table and stored for three months. The
treatments consisted of four collection points in the terminal part of the densimetric table,
representing the processing material: upper part (P1), upper middle part (P2), middle part
(P3), and lower part (D). Subsequently, the samples that were reprocessed in the table
came from P3 and were divided into the upper part, which was followed to bagging
(P3R1), and the lower part (P3R2), which followed for disposal, totaling six treatments.
Storage was performed in a refrigerated environment, using a completely randomized
design, with the means being compared by Tukey’s test at 5%. We concluded that the
reprocessing of sorghum seeds in the densimetric table can improve the physical quality
of a lot due to its standardization at the end of the stages, contributing to the improvement
of the physiological quality and use of the material that would be discarded. The equipment
performance allows the removal of seed fractions with lower apparent specific mass and
promotes positive stratifications in the physiological quality of sorghum seed lots.

improved during the process to meet the commercialization

Sorghum is a resilient cereal crop well-suited for
drought-prone regions, displaying remarkable adaptability
to environmental stress and variable rainfall patterns.
Dahunsi et al. (2019) highlighted the extensive usefulness
of sorghum, including its stem, grains, leaves, and various
applications such as human consumption, animal feed,
biofuel production, and forage utilization.

Several factors must be considered when choosing the
best seed for planting, such as climate, soil, handling, and
postharvest, due to the great economic importance of this
product for farmers, and seed quality is essential for achieving
high yields in a growing season (Elmasry et al., 2020).

According to Melo et al. (2016), the seeds enter the
processing unit after harvesting with an uneven presentation,
in addition to having a lot of impurities, which must be

for domestic and international markets and sowing.

The basic equipment of a seed processing unit is an
air machine and sieves, a size classifier, a format separator,
and a densimetric table, which separates seeds by specific
mass. This equipment is essential to add value and quality
to the final product (Araujo et al., 2011).

The densimetric table has become one of the main
pieces of equipment in the seed processing unit due to its
assertiveness in separating seeds from the upper part, which
have the best quality in lots, and seeds from the lower part,
which are sent to disposal, as they may be contaminated
with fungi or by insect bites (Gadotti et al., 2012).

In this context, this study aimed to evaluate the
physiological quality of processed sorghum seeds reprocessed
in a densimetric table and stored for three months.
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MATERIAL AND METHODS

The experiment was carried out at the Laboratory of
Postharvest of Plant Products of the Federal Institute of
Education, Science, and Technology of Goias, Campus Rio
Verde, GO, Brazil, in partnership with the company
Sementes Goias Ltda., located in the municipality of Rio
Verde, GO, on the highway GO 174 km 03 on the left, Zona
Rural. The seeds were cleaned in an air and sieve machine,
then followed to artificial drying in stationary dryers,
reaching a final moisture content of around 10.5% wb.
Subsequently, the seeds were taken for processing,

FIGURE 1. Densimetric table set to the seed processing.
Source: Prepared by the authors.

FEEDING

proceeding with the classification by size through a 3.5-mm
round opening sieve, followed by the MG-120 densimetric
table with a rectangular format and a nominal capacity of
7 thour ™.

Processing samples were taken from two upper spouts
of the densimetric table at point 1 (P1) and point 2 (P2), which
were intended for bagging and represented the upper part of
the table. The intermediate spout, at point 3 (P3), represents
the middle part of the table, which goes to a bag through a
conveyor screw and a diversion to be reprocessed later. The
lower spout represents the lowest part of the table and goes to
the disposal (D), as shown in Figure 1.

The sample that was sent to the densimetric table came from P3 after processing, generating two divisions, that is, P3R1,
which followed to bagging, and P3R2, which followed to disposal, as shown in Figure 2.

FIGURE 2. Densimetric table set to the seed reprocessing.
Source: Prepared by the authors.

FEEDING
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Sampling was conducted by taking three replications
at regular intervals of 60 min. The samples collected from
each treatment were packed in single paper packaging with
only one sheet and a 1.0-kg capacity and stored in a
refrigerated warehouse (mean temperature of 13.99 °C and
mean RH of 63%). The following evaluations were carried
out on the seeds: moisture content, electrical conductivity,
first germination count test, total germination, germination
speed index, non-germinated seeds, normal seedlings,
abnormal seedlings, normal seedling length, dry mass,
seedling emergence in sand, emergence speed index,
accelerated aging accounting for normal seedlings, non-
germinated seeds, total germination, and abnormal
seedlings, and moisture content at 0 and 3 months of
storage, with temperature and relative humidity of the
environment monitored hourly by digital sensors.

The moisture content test was performed using
samples submitted to the standard method in an oven at 105
+ 3 °C for 24 h, with three replications of 15.0 g (Brasil,
2009). The electrical conductivity (EC) test was conducted
according to Vieira & Krzyzanowski (1999). EC was read
using a portable conductivity meter, with the reading
expressed in pS cm™ g,

The first germination count (FGC) test was
conducted with four subsamples of 50 seeds on Germitest
paper towel rolls in a Mangelsdorf germinator set to
maintain a constant temperature of 25 + 1 °C. The amount
of added water was equivalent to 2.5 times the mass of the
dry substrate. The evaluations were conducted from the 4th
day after sowing, according to the criteria established in the
Rules for Seed Testing (Brasil, 2009). The total germination
(TG) was performed ten days after sowing by adding the
first and second counts. Non-germinated seeds (NGS) were
counted at the end of the germination test (Krzyzanowski,
etal., 1991).

Together with the germination test, normal seedlings
(NS), abnormal seedlings, and normal seedling length
(NSL) were determined on the fourth day after sowing.
Normal seedlings were those with a developed root system
and shoot, in addition to a minimum size of one centimeter;
abnormal seedlings were those with the absence of the shoot
and root system, with a length smaller than one centimeter;
and normal seedling length consisted of the counting of 15
normal seedlings, as described by Silva et al. (2016). The
counting of normal seedlings (NS) and abnormal seedlings
(AS) was performed from the fourth day after sowing
(Krzyzanowski et al., 1991).

Normal seedling dry mass (DM) was determined
after obtaining the normal seedling length. These seedlings

were packed in kraft paper and dried in a forced-air
circulation oven at 65 °C for 72 hours (Nakagawa, 1999).

The germination speed index (GSI) was measured in
a gerbox and calculated by the sum of seeds germinated
daily above 1 cm from the 1st day of sowing and the
germination in the days elapsed (Maguire, 1962).

Seedling emergence in sand (SES) was performed
according to Silva et al. (2016), with four samples of 50
seeds per lot. This test was performed together with the
emergence speed index (ESI), which was determined
considering the number of seedlings that emerged daily with
the leaf primordia above the substrate, calculated according
to Maguire (1962). The normal seedling length was
determined together with ESI and SES on the 14th day after
sowing, using the following criteria: complete,
proportional, and healthy plants with well-developed
essential structures (root system and shoot) and higher than
and equal to 9 cm (Brasil, 2009).

Accelerated aging (AE) was conducted with four
subsamples of a uniform seed layer placed on wire mesh in
plastic boxes (Gerbox) with 40 mL of distilled water at the
bottom and maintained in a BOD at 43 °C for 72 h (Miranda
et al., 2001). The germination test was carried out after the
aging period, with evaluation four days after sowing and
recording the percentage of normal seedlings
(Krzyzanowski et al., 1991). The moisture content of seeds
after the aging period was also determined to verify the
uniformity of the test conditions, according to Mendonca et
al. (2008).

The experiment was set up using a completely
randomized design in a 6 x 2 factorial scheme, (six
processing treatments at different points on the densimetric
table during processing and reprocessing x two storage
times), with three replications.

RESULTS AND DISCUSSION

In the climate-controlled seed storage environment,
the overall mean temperature was 13.9 °C and relative
humidity was 63.0% (Fig. 1). August had the lowest storage
temperature (10.3 °C), but the minimum monthly means
were recorded in August, September, and October, with
values of 13.30, 13.23, and 13.94 °C, respectively, and the
maximum monthly mean of 15.51 °C was recorded in
November. The maximum mean recorded for relative
humidity was 65.0% in November and the minimum means
were 59.0, 62.0, and 64.0% in September, August, and
October, respectively. October had a minimum relative
humidity of 33.5% and a maximum of 90.7%.

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220138, 2023
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FIGURE 3. Mean temperature (°C) and relative humidity (%) of the refrigerated warehouse where the sorghum seeds were stored.

The observed temperature changes occurred as a
result of climate changes in the environment, which reached
the peak of the seed dispatch process during the period of
maximum, thus achieving higher movement within the
warehouse where the samples were stored. In addition, these
temperature and relative humidity oscillations directly
influence the initial seed characteristics, as mentioned by
Oliveira et al. (2015), who emphasized the importance of

preserving seed quality, keeping the metabolic activity,
relative humidity, and temperature low.

Table 1 shows the analysis of wvariance and
coefficients of variation corresponding to the analyzed
variables in terms of sorghum seed processing including the
reprocessing, resulting in six treatments and three months
of storage in a refrigerated warehouse, as well as their
possible interactions.

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220138, 2023
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TABLE 1. Summary of analysis of variance for sorghum seeds.

CV (%)
Variables Source of variation Mean squares 1 2
- Treatment 0.19%
Moisture content (% wb) - Months 0.84** 1.93 1.93
- Treatment x months 0.12N8
- Treatment 6057.8**
Electrical conductivity - Months 99.73%%* 7.50 7.46
(usem' gt - Treatment X months 39.69%
Treatment 3275.5%*
1st count Months 0,44N8 2.70 3.45
Treatment x months 4.14N8
Germination (%) Treatment 3227.1%*
Total Months 0.56N8 2.89 3.07
Treatment x months 5.24N8
- Treatment 139.88**
GSI (dimensionless) - Months 103.65%* 7.89 9.1
- Treatment x months 3.378
Treatment 2481.62**
Seedlings (%) Normal Months 3.67N 12.9 14.58
Treatment x months 26.72N8
Treatment 2481.62%* 12.9 14.58
Abnormal Months 3.678
Treatment x months 26.72N8
Normal seedling length (cm) Treatment 04585 . .
- Months 7.88%* 7.33 6.3
) Treatment x months 0.61* ) )
Normal seedling dry mass (g) i Treatment 0.002%* 14.83 17.75
- Months 0.004%**
) Treatment x months 0.001*
- 3160**
Non-germinated seeds (%) Treatment
- Months 1.56N8 10.09 11.6
- Treatment x months 7.88NS
**Significant at 1%; *Significant at 5%; NS Not significant by the F-test. CV: Coefficient of variation.

Table 2 shows the moisture content (MC) values of of water vapor with the environment. A difference can be
sorghum seeds during storage. The initial mean of MC of observed between treatment P1 (upper part of the table) and
seeds stored at the initial time was 12.10% (wb), showing a treatment D (lower part of the table), that is, a higher
decrease during storage for all treatments due to exchanges moisture content for the latter treatment.

TABLE 2. Moisture content (% wb) for sorghum seeds.
Storage time (months)
Treatment 0 3 Mean
P1 11.85 11.43 11.64a
P2 11.99 11.71 11.85ab
P3 12.05 12.02 12.04ab
D 12.54 11.75 12.15b
P3R1 11.97 11.96 11.97ab
P3R2 12.19 11.87 12.03ab

Mean 12.09B 11.79A -

Means followed by lowercase letters in the column and uppercase letters in the row differ statistically by the Tukey test at 5%.
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The decrease in moisture content during storage may
be related to storage conditions, as a gradual increase in
temperature and a decrease followed by an increase in
relative humidity (RH) was observed (Fig. 1). Moreover,
the stored packages had high permeability (single-layer
paper bags), causing the exchange of water vapor between
the seeds and the external environment. Williams et al.
(2017) studied the storage of sorghum seeds in fabric bags,
plastic soda bottles, and hermetic containers and observed
no negative change in seed quality, but the high temperature
and relative humidity in the environment reduced seed
quality in the long-term quality, also emphasizing that seeds
stored in inadequate packaging and environments will
deteriorate and lose vigor.

The electrical conductivity (EC) of the sorghum
seed solution showed an interaction between treatments
and storage time (Table 3). The data show that P3, D, and
P3R2 had higher values than P1, P2, and P3R1. According
to Silva et al. (2017), the electrical conductivity test
provides an assertive separation of the different seed vigor
levels measured indirectly, in addition to determining the
amount of leachate in the soaking solution. Data obtained
by Drumond et al. (2019) reinforce that the growing
increase in electrical conductivity compromises the
physiological seed quality and vigor, causing a disorder of
membrane cells, leaving the seeds more susceptible to
external damage.

TABLE 3. Electrical conductivity (uS cm™ g™!) of the solution for sorghum seeds.

Storage time (months)

Treatment 0 3
P1 12.54a A 12.80a A
P3 447 cB 36.60b A
D 102.78d B 91.37d A
P3R1 20.58b A 19.57a A
P3R2 48.03c A 49.16 c A

Means followed by lowercase letters in the column and uppercase letters in the row differ statistically by the Tukey test at 5%.

Treatments D and P3R2 were sent directly for
disposal and the results shown in Table 3 reinforce the high
values of electrical conductivity for these treatments. Fessel
et al. (2003) evaluated the physical and physiological
quality of corn seeds during processing and observed that
the increase in the leaching of metabolites, followed by the
occurrence of mechanical damage, reduces seed vigor and
germination. Nunes et al. (2017) determined the quality of
bean seeds and observed that the higher the absolute value
of electrical conductivity, the lower the vigor, and that the
smaller amount of leachate in the solution indicates higher
vigor, demonstrating a better structuring of membranes.

The higher the mean values of electrical
conductivity, the worse the lot quality, showing that the
disposals (D and P3R2) had better results than the others
and, consequently, a higher degree of electrical
conductivity. Soares et al. (2010) conducted a series of tests
to evaluate the vigor of sorghum seeds with an emphasis on
electrical conductivity and obtained higher precision to
identify low vigor lots, as shown in the results of the present
study for treatments P3R2 and D.

In general, the results of the germination test indicate
that there were differences for all treatments (Table 4),
showing the first germination count (FGC) and total
germination (TG).

TABLE 4. Mean values of first germination count (FGC) and total germination (TG) for sorghum seeds.

Treatment FGC (%) TG (%)
Pl 98.00a 98.33a

P2 95.75ab 95.83ab

P3 75.25¢ 76.08c

D 36.58¢ 37.25¢
P3R1 92.67b 93.33b
P3R2 69.25d 70.25d

Means followed by lowercase letters in the column differ statistically by the Tukey test at 5%.

The mean of the first germination count had
considerable values and, consequently, TG values (final
count ten days after the test set up) were similar, as most of
the seeds had already germinated, demonstrating the
consistency of the tests. Treatments P1, P2, and P3R1 stand
out according to the test, as they presented values consistent
with the legislation, with the minimum germination
standard recommended for the commercialization of
sorghum seeds, which is established at 80% (Brasil,
2009). On the other hand, treatments P3, D, and P3R2
presented no minimum standard. Silva et al. (2016)

reinforced the importance of numerous tests to assess seed
quality, as the first count test indirectly evaluates the
germination speed.

The function of the densimetric table is to separate
the materials through differences in specific mass and size.
Table 4 shows that treatments P1 and P2 had the highest
germination values. The reprocessing of P3 led to a higher
stratification of sorghum seeds in the densimetric table, with
P3R1 values similar to those of P2.

GSI of sorghum seeds increased over the storage
period, indicating influence for all treatments (Table 5). GSI

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220138, 2023
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aims to identify seeds with faster seedling emergence in the
field or greenhouse. High germination speed indices were
observed in treatments P1, P2, P3, and P3R1, while
treatments D and P3R2 showed low GSI values. Drumond

TABLE 5. Germination speed index (GSI) for sorghum seeds.

et al. (2019) analyzed the physiological quality of castor
bean seeds after processing and found that seeds subjected
to classification by a densimetric table had higher quality
and higher values of germination speed index.

Storage time (months)

Treatment ; . Mean

P1 16.24 21.12 18.68a

P2 16.16 21.40 18.78a

P3 13.44 16.93 15.19b

D 5.70 7.02 6.36¢

P3R1 16.71 19.83 18.27a

P3R2 12.01 14.31 13.16b
Mean 13.38A 16.77B

Means followed by lowercase letters in the column and uppercase letters in the row differ statistically by the Tukey test at 5%.

Table 6 shows the difference between the analyzed treatments for non-germinated seeds. Samples D and P3R2 showed
the highest percentage of non-germinated seeds, reinforcing that these seeds should be destined directly for disposal without

prior evaluation.

TABLE 6. Mean values for non-germinated seeds (NGS), normal seedlings (NS), and abnormal seedlings (AS) for sorghum seeds.

Treatment NGS (%) NS (%) AS (%)
P1 1.67¢ 73.00a 25.00ab

P2 4.17de 66.67ac 28.75ab
P3 23.92¢ 48.25b 26.75abc

D 62.08a 20.50d 16.08c
P3R1 6.75d 57.08bc 35.67ab
P3R2 29.83b 31.58d 37.67a

Means followed by lowercase letters in the column differ statistically by the Tukey test at 5%.

The analysis of the germination test and the results
of the mean of normal and abnormal seedlings show that the
mean number of NS and AS differed in all treatments (Table
6). Seeds identified as those with low vigor in most
germination tests (D and P3R2) had lower percentages of
NS compared to intermediate (P3 and P3R1) and high vigor
(P1 and P2) lots. All treatments showed a difference
regarding AS, with the reprocessing treatments (P3R1
and P3R2) showing a higher NS index compared to the
other treatments.

The results referring to normal and abnormal
seedlings in the present study corroborate Santos Neto et al.

(2012), who evaluated the use of the densimetric table in
improving the quality of commercial castor bean seeds and
identified that the upper part of the table had more vigorous
seeds and a higher percentage of emergence. Javorski &
Cicero (2017) evaluated the internal morphology of
sorghum seeds with an x-ray and observed that abnormal
seedlings or dead seeds originate from damage due to tissue
deterioration in sorghum seeds.

The variable normal seedling length showed no
differences between treatments, but an effect of storage time
was observed, with a decrease in NSL according to time
(Table 7).

TABLE 7. Mean values (%) of normal seedling length (NSL) for sorghum seeds.

Storage time (months)

Treatment 0 3
P1 6.75b 5.73a
P2 6.73b 5.36a
P3 6.76b 5.61a
D 6.74a 6.94a
P3R1 7.06b 5.47a
P3R2 6.64a 5.95a

Means followed by lowercase letters in the row differ statistically by the Tukey test at 5%.
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Almeida et al. (2016) analyzed the quality of
soybean seeds processed in a densimetric table and found
that the total seedling length showed no interaction between
the evaluated factors, showing that the processing of
soybean seeds in a densimetric table did not influence the
increase in seedling length. Félix et al. (2017) stored
Adonidia merrillii seeds and found that seedling length had
a progressive decrease with the advancing storage period,
confirming the results of this study. Macedo et al. (2020)
evaluated the physical and physiological quality of
safflower seeds submitted to processing in a densimetric table

TABLE 8. Dry mass (g seedling™") for sorghum seeds.

and identified that the total seedling length may be related to
seed density, specific mass, and thousand-seed mass.

The evaluation of normal seedling dry mass (DM)
was carried out together with the NSL. This variable
showed a difference between treatments and months of
storage, with treatments P1, P2, and P3R1 presenting the
highest DM mean (Table 8).

Barbieri et al. (2013) found that seedlings with
higher dry mass production have better physiological
quality with high vigor, also producing more and
accumulating more dry matter than those with medium vigor.

Storage time (months)

Treatment 0 3
P1 0.11aA 0.14bB
P2 0.11aA 0.14b A
P3 0.09a A 0.13bB
D 0.09aB 0.06 a A
P3R1 0.11aA 0.14b A
P3R2 0.08a A 0.10 ab A

Means followed by lowercase letters in the column and uppercase letters in the row differ statistically by the Tukey test at 5%.

According to Nakagawa (1999), a higher weight of
seedlings is related to dry matter accumulation. Therefore,
seeds are more vigorous, making a higher transfer of mass
from their reserve tissues to the embryonic axis.

Seedling emergence in sand (SES) and emergence
speed index (ESI) showed an effect of treatments and
storage time alone (Table 9), whereas normal seedling

length (NSL) had an interaction between the evaluated
factors. In accelerated aging, the variables normal seedlings
(NS), non-germinated seeds (NGS), and total germination
(TG) were significant for treatment and storage time at 1%
significance, with the variables abnormal seedlings (AS)
and moisture content (MC) showing the interaction between
treatments and months at 1% significance.

TABLE 9. Summary of variance analysis for seedling emergence in sand for sorghum seeds.

Test in sand

. CV (Y
Variable Source of variation Mean squares 1 (%) 2
Seedling emergence in sand Treatment 358407
(SES) (%) Months 203.06%* 6.19 6.19
Treatment X months 21.38N8
Treatment 884 .47**
ESI Months 79.35%x 5.58 5.58
(Dimensionless) Treatment x months 6.08NS
Treatment 3034.3**
NSL Months 1338.34%* 0.00 0.00
(cm) Treatment X months 281.69**
Accelerated aging
Treatment 1763.36**
NS Months 981.78** 16.02 11.92
Treatment X months 45.24N8
Treatment 359.21%**
AS Months 177.78%%* 24.11 16.63
Treatment X months 82.79**
Treatment 3538.23%** - -
NGS Months 324.00%* 18.93 21.37
Treatment x months 28.08NS - -
Treatment 3538.23**
TG Months 324.00%* 6.75 7.62
Treatment X months 28.08NS
Treatment 3.27%*
MC Months 39.36%** 0.00 0.00
Treatment X months 4 38%*

**Significant at 1%; *Significant at 5%; NS Not significant by the F-test. CV: Coefficient of variation.
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Three vigor levels were identified In both the
seedling emergence in sand (SES) and accelerated aging
tests (Tables 10). Treatments P1, P2, and P3R1 consist of
lots that are above the commercialization standard for
sorghum seeds according to Normative Instruction No. 45
MAPA —2013. Seed fractions in treatment D showed lower

quality than the other treatments because they are located in
the lowest part of the table. Gadotti et al. (2020) studied the
efficiency of the densimetric table in processing coriander
seeds and found that seeds from the upper, middle high, and
middle discharges had a higher degree of viability compared
to the lower part of the table, corroborating this study.

TABLE 10. Mean values of seedling emergence in sand, accelerated aging, and emergence speed index in sand for sorghum seeds.

Treatment (% SES) (% AE) (ESI)
P1 92.75a 94.72a 43.83a

P2 91.00a 92.67a 44.00a

P3 65.17b 69.75b 30.11b

D 30.58¢ 30.83c 13.95¢
P3R1 90.25a 89.17a 43.87a
P3R2 62.00b 65.50b 28.90b

Means followed by lowercase letters in the column differ statistically by the Tukey test at 5%.

The emergence speed index allowed separating the
discharged seeds in the densimetric table, originating from
processing and reprocessing, into three vigor levels, with
superiority in seeds from the upper part of processing and
reprocessing (P1, P2, and P3R1), also showing inferiority
for seeds from the lower part (D and P3R2). Similarly,
Pereira et al. (2012) observed that seeds collected in the
upper discharge of the gravitational table had a higher
emergence speed index, which shows the function of the
densimetric table in increasing the viability of the seeds
being processed.

CONCLUSIONS

The seed processing is assertive to carry out the
separation of sorghum seeds regarding their quality. The
reprocessing of the material in the densimetric table can also
improve the physical quality of a lot due to the
standardization at the end of the steps and increase the
viability of seed lots being processed, contributing to
improving the physiological quality of the product
and allowing the use of the material that would otherwise
be discarded.

The equipment allowed the removal of seed fractions
with lower apparent specific mass and promoted positive
changes in the physiological quality of sorghum seed lots.
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